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"|E ANT to call attention to the addition, 


on our masthead, of the name of Thad Hackett, promiz 


nent free lance artist responsible for the high quality 
of design which has characterized our fledgling Journal Ry 
since its birth, We hope Mr. Hackett’s talented ark 4 
direction will be a permanent part of the Journal’s con! 


tinuing growth... Last issue on our inside back coverm 


we printed the Safety Engineers’ Creed in a design 


suitable for framing. Response was so favorable that 


this issue we are presenting, in a like manner on that 


page, the Canons of Ethics for Engineers. Perhaps you : 


will find these two fine codes of conduct appropriate fot 


display in your office ... Also in this issue... Nobel prize 
winning geneticist Hermann J. Muller has written am 
thought-provoking article on “After Effects of Nucleat : 
Radiation,” which asks for reexamination of the exposuré™ 


limits now considered “safe” for workers in industriel 


using radioactive material... The University of Califor 


nia’s J. H. Mathewson and Robert Brenner take a new 


look at quality control applied to accident statistics i a, 
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assistant direc- 
tor of UCLA’s 
Institute of Transporta- 
tion and Traffic Engineer- 
ing and author of many pa- 
pers on safety research. 


NTRODUCTION: The importance of a. statistical 

approach in the control of accidents has been re- 

ported by several authors including Goode (1), 

Howell and Johnson (2), MacFarland (3), Mathew- 
son, Brenner and Hulbert (4), Nordan, Orlansky and 
Jacobs (5), and Lee (6)*. The techniques reported by 
all of the above writers essentially are adaptations of the 
Shewhart Quality Control Chart techniques which were 
originally designed to assist in controlling the quality of 
manufactured product (7). 

In this paper, the authors have as their first objective 
the presentations of some of the statistical theory under- 
lying the various techniques. The second objective is to 
extend the techniques to situations where there are wide 
variations both in severity and amount of exposure. 


Accident Control Chart Techniques 


Quality control charts are graphical techniques which 
portray the actual quality of the manufactured product 
relative to the range within which the quality is expected 
to fluctuate due solely to random causes. Concomitant 
with the event of quality falling outside the range is the 
judgment that some non-random, hence assignable, factor 
caused this event to transpire. A complete discussion of 
use of these charts is given by Grant (8) and Burr (9). 

Control charts as applied to safety work facilitate the 
judgment that an accident rate (or any other convenient 
index of accident likelihood) has deviated so far from its 
normally expected value that it is highly probable that 
some new, non-random causality has come into opera- 
tion. Although the control charts for analyzing accident 
statistics are logically identical to charts used for analyz- 
ing quality of manufactured product, the writers believe 
that these charts should not be referred to as “quality 
control charts.” It is accordingly recommended that qual- 
ity control charts when employed in the accident context 
be known as “accident control charts.” This expression 
will be used in this paper. 

For purposes of this paper, the authors have organized 
the control chart technique into five basic elements which 
will first be discussed in context of quality applications, 
and then in the safety context. These elements are: 


Selecting the quality index. 

Estimating the range of variation of the index. 
Initial setting up of charts. 

. Judging a8 to assignable causation. 

Revising charts to reflect changing conditions. 


Index of Quality: Any of a number of different 
indexes may be taken to represent the quality of pro- 
duction but careful judgment has to be exercised as to 


*Numbers in parentheses, ( ), identify references that are 
cited at the end of the paper; numbers in square brack- 
ets, [ ], refer to equations cited in the text. 


Editor’s Note: This article in whole or in part may not be reproduced without the permission of the authors. 
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the most appropriate index for a given situation. One 
is the number of defective items produced during a given 
period of production time; another is the number of 
defective items produced in a given production lot. 
Control charts using the former as the index of quality 
are referred to as “C” charts, while those using the 


latter are referred to as “C” charts. 

Various measures of accident likelihood (the analog 
in accident control charts of the index of manufactured 
quality in quality control charts) have been reported. 
Goode (1) treats number of accidents occurring in some 
period of time; MacFarland’s example utilizes the num- 
ber of first aid cases per thousand man hours worked 
(3), Mathewson et al (4) consider the number of motor 
vehicle accidents per 100,000 miles of driving; Lee (6) 
uses the number of major and minor injuries per 100,000 
man hours worked. All of these indexes can be classi- 
fied into one of two categories—first, the raw number 
of accidents occurring in some period of time and second, 
the number of accidents} occurring per unit of exposure. 

A complete discussion of the probability models under- 
lying the use of each of these measures as the index 
of accident likelihood in accident control charts is given 
in an earlier work by the authors (4). In this paper 
it will suffice to say that the control charts are based 
upon the generally accepted belief that the random vari- 
ables Y; (raw number of accidents occurring during time 
t) and R; (the frequency rate during period t) have the 


Poisson distribution with standard deviations \/ Y; and 
VR respectively (10) (11) (12) (13) (14). This is 
expressed in the following probability statements: 


“VY” CHART—RAw NuMBER OF ACCIDENTS 
Y’—A VY’) < +A VY’) $=f(A).[1] 
“R” CHART—ACCIDENT RATE 
f(A) 


where: 

Y_ = number of disabling injuries occurring in 
month t 

E, = exposure in month t expressed in units of 
1,000,000 man hours 

R, = actual frequency rate in month t = BS 


t 
Y’ = some standard number of accidents in a month 
to which Y; would be compared 
R’ = some standard frequency rate to which Ry 
would be compared. 


+The term “accident” is used here to describe a discrete 

event which can be either injury producing or non- 
injury producing. Hence all indexes utilizing severity 
of injury are eliminated. 
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Statement [1] tells us that the range in which the 
raw number of disabling injuries in any month should 
fall is centered around the standard Y’ and extends to 
A standard deviations (of Y’) in both directions from 
Y’. The standard is the number of accidents occurring 
in a month under “normal” conditions. In some pro- 
portion f(A) of successive months, the number of acci- 
dents would be expected to fall in the range defined by 
A standard deviations in each direction from the stand- 
ard. Similarly, [2] defines the range in which the rate 
should fall as A standard deviations (of R’) around R’. 
Criteria for deciding how large A should be will be 
discussed shortly. At this time let us first consider 
criteria for determining whether the “Y” chart (raw 
number of accidents) or the “R” chart (accident rate) 
should be used, and second, what should be defined as 
the comparison standards Y’ and R’ in [1] and [2] 
respectively. 

The decision as to whether a “Y” or “R” chart should 
be used depends directly upon whether or not exposure 
is changing. As long as exposure is not changing, analy- 
ses utilizing either index are logically equivalent. But 
where exposure is changing the rate index must be used. 
Expression [2] demonstrates that the range of variation 
for a rate is an inverse function of the square root of 
the amount of exposure over which the rate was com- 
puted. Thus, as exposure increases, the range of varia- 
tion around the standard decreases. This explains 
the well known fact that accident rates of large com- 
panies do not fluctuate as much from month to month 
as do rates of smaller companies. 

The comparison standards (Y’ and R’) may be de- 
fined in any of a number of ways but, in the main, they 
fall into two general categories. First, they can be de- 
fined as some function of a company’s own previou" 
accident record. Examples would be a company’s (cr 
department’s) accident record of the previous montis, 
of the same month of the previous year or of the average 
of the preceding six month experience, etc. Second, the 
standard can be some general average deduced from 
industry wide averages, National Safety Council figures 
or Bureau of Labor Statistics data. Both types of stand- 
ards have their individual advantages. Where there are 
' widely differing hazards among departments of a com- 
pany, it is meaningful to compare a department against 
itself, but not against other departments. On the other 
hand, by comparing a rate with a national average it is 
possible to effect company-to-company comparisons. 
Therefore, a complete accident control chart program 
can effectively utilize both types. The sole requirement 
is that the index of accident likelihood for a given 
period and its comparison standard be expressed in the 
same units. 


Range of Variation: When some monthly (or 
other time period) value of the index falls outside its 
control limits, the decision is made that it would be 
worthwhile to look for an assignable cause for the 
unusual deviation. If the value falls within the limits, 
the decision is that it is not worthwhile to look for an 
assignable cause. Either decision may be right or wrong, 
depending upon whether or not an assignable cause in 
fact exists. Inherent in these decisions are two types of 
possible error that are shown schematically in Figure 1. 
The first (Type I) is the decision to look for an assign- 
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able cause when there is none in actuality. The second 
(Type II) is the decision not to look for an assignable 
cause when in fact an assignable cause is present. The 
range of variation is selected so as to strike a balance 
between the consequences of these possible errors and 
of their relative probabilities. If the Type II error is 
more serious than the Type I error, a narrower range is 
indicated. If the Type I error is more serious, the range 
should be wider. 

The control limits are set up in [1] and |2} at “A” 
standard deviation from the comparison standard. For 
example, when A=3 the implication is that 99.7 per cent 
of values of Y; drawn from a population of mean Y’ will 
fall in the range of (Y’ + 3 VY’), and 0.3 per cent 
will fall outside. When a value of Y; falls outside of this 
range, two conclusions are possible. The first is that 
the accident likelihood as measured by Y; is the same 
as that measured by Y’ and that a rare event (three 
chances out of 1000) has occurred. The second, refusing 
to concede that the rare event has occurred, asserts that 
the accident likelihood is not that measured by Y’ but 
in fact is either greater or less depending upon whether 
Y, was beyond (Y’ + 3 vy Y’) or (Y’ — 3 Vy Y’) re 
spectively. Out of 1000 such decisions, three will be 
wrong; that is, accident likelihood will not have changed 
in three out of the 1000 instances, but will be erroneously 
stated as having changed. This is the so-called alpha or 
Type I error described above. 

On the other hand, if a value Y, falls within the range 
(Y’ +3 \ Y’) the conclusion would be that the accident 
likelihood is the same as that measured by Y’. This con- 
clusion would be wrong if, in fact, the accident likeli- 
hood were different. The probability of an erroneous 
conclusion of this type (Type II error) is determined 
by Y; and Y’. 

As the decision range centered on the standard is 
increased, the probability of making the Type I error 
(concluding that accident likelihood changed when it 
did not change) is decreased. At the same time, the 
chance of failing to detect a change is increased. De- 
creasing the range will increase the chance of conclud- 
ing that there was a change when in fact there was none. 
The decision as to size of range must be conditioned, 
therefore, by a prior judgment as to which error is more 
costly, failure to sound an alarm when an alarm should 
be sounded or sounding an alarm when no alarm 
should have been sounded. Wide ranges will rarely per- 
mit a false alarm but at the same time will frequently 
fail to sound a needed alarm. Narrower ranges fre- 
quently will permit a false alarm but rarely will fail to 
sound a needed alarm. 

In setting up the original quality control charts, Shew- 
hart’s objectives, in part, were to set the limits (i.e., 
range of variation) so as to strike an economic balance 
between the probability of failing to detect an assignable 
cause for variation and the probability ‘of looking for 
an assignable cause when one does not exist. In accident 
control charts, on the other hand, it is difficult to evalu- 
ate which error is more costly to industry. Repeated 
false alarms will soon condition operating personnel to 
receiving frequent reprimands so that when a real change 
in accident likelihood occurs, the necessary reprimand 
will have limited effect. Or if a safety director frequently 
reports to management that the accident rate is unusually 
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high, management will soon (consciously or sub-con- 
sciously) begin to ignore the reports. On the other 
hand, failure to detect early that accident likelihood has 
increased will result in delaying remedial measures and 
thus will allow more accidents, and losses, to occur. - 

Opinions vary as to what the allowable range of 
variation should be in accident control charts. MacFar- 
land (3) utilizes 3 sigma limits in the rate chart. Goode 
(1) utilizes a range of approximately + 2 sigma on a 
chart developed around raw numbers of accidents. 
Howell and Johnson (2) utilize 2 sigma limits in a 
rate-type chart. Norden (5) uses 2.576 sigma and makes 
certain statistical corrections*. It seems some compro- 
mise is indicated between 2 and 3 sigma limits. 

The authors believe that two sets of limits can effec- 
tively be used in accident control charts, one set serving 
as warning limits and the other set as action limits. An 
accident rate falling beyond the warning limits but not 
beyond the action limits would be construed as evidence, 
although suspect, that there was a change in accident 
likelihood. A rate falling beyond the action limits would 
be interpreted as evidence of a change that no longer is 
merely suspect. There would be little chance of there 
not being a warning notice when in fact there was a 
change in accident likelihood. A complete discussion of 
warning and action ranges is given by Grant (8). One 
graphical scheme for utilization is shown in Figure 2. 


Setting Up Charts: One of the immediate problems 
in setting up a control chart is to arrive at some value 
for the comparison standard. This presents no problem 
in quality control applications where the machine is set 
to produce at some predetermined quality level. Simi- 
larly, there is no problem in accident control charts 
where the standard is some known average such as a 
National Safety Council three year average. A problem 
does arise however, where the standard is some func- 
tion of a company’s own past experience. This problem 
relates to the number of points that should be used in 
the initial computation of limits in setting up a chart. 
Grant points out that, on statistical grounds, at least 25 
points should be used, but that smaller numbers (8 to 10) 
may be used if lengthy time intervals must elapse before 
25 points can be accumulated. Since it would be im- 
practical to wait 25 months before setting up a system, 
a smaller number should be used. MacFarland uses for 
his example a 13 point base period that was developed 
on a weekly basis. The authors believe this 13 point base 
to be adequate since procedures for revising the limits, 
when applied, will correct any erroneous initial judgment. 

The procedure essentially involves computing a set 


*The limits utilized by Norden, Orlansky and Jacobs 
(5) are (changing their nomenclature to agree with 


| R’ 0.829 1 


that of this paper) R’ + 2.576 Vz OE 
The third and fourth terms of this expression are cor- 
rections for continuity and the assumption of normality. 
The authors in this paper have chosen to omit these 
corrections in the interest of simplicity. The effect is 
to narrow the confidence interval and hence yield a less 
conservative judgment. However, the decrement in the 
sensitivity of the decision function is not considered 
to outweigh the gain in simplicity of computation. 


Figure | 
Possible Decisions and Errors in Interpreting 
Accident Control Charts 


ACTUAL OPERATING CONDITIONS 


— There Is No 


Assignable 
Cause of 
Variation 


An Assignable 
Cause of 
Variation 
Is Present 


DECISION 
POINT 


Point is Look for 
above upper assignable 
control limit. cause. 


Decision is 
wrong. 
Type | Error 


Decision is 
correct. 


Decision is 
correct. 


Decision is 
wrong. 
Type II Error 


Point is Do not 
between upper || look for 
and lower assignable 


limits. cause. 


Decision is 
wrong. 
Type | Error 


Decision is 
correct. 


Look for 
assignable 
control limit. cause. 


Point is 
below lower 


of “trial” action limits from the data in some base 
period. The data in the base period are then compared 
to these trial limits. If an index for a given month in 
the base period falls outside the trial limit, a new set 
of limits is computed excluding that index. This pro- 
cedure will be demonstrated in an example later. 


Judgment of Assignable Causation: The control 
chart technique, specifically the limit settings, have as 
their ultimate purpose the facilitation of the judgment as 
to the probable presence or absence of an assignable 
cause for deviation from the expected value. Guiding 
principles are readily stated for interpreting quality 
from the value the index takes on during any period in 
relation to the control limits. But the control limits are 
themselves probabilistic criteria so that any guiding 
principles for judgment cannot supplant the judgment 
itself; that is to say, the guiding principles must be 
treated as guides and not as ironclad rules. In practice 
there are no hard and fast rules for deciding that action 
is indicated; consequently, each case must be carefully 
studied. The following criteria related to mathematical 
theory of extreme runs may be used as guides in inter- 
preting control charts. 


1. Action is indicated when there occurs a run of 
four or more points up (or down) that culminates 
in a point beyond the action limit, i.e., when each 
succeeding value is greater (or smaller) than the 
previous one and the last point in the run exceeds 
the action limit (MacFarland). 


2. Where 2 and 3 sigma limits are used, action is 
indicated when the following number of points 
fall beyond the same (upper or lower) 2 sigma 
limit (Grant) : 

a. Two successive points. 

b. Two out of three successive points. 
c. Three out of seven successive points. 
d. Four out of ten successive points. 
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Figure 2 
Schematic Representation of Accident Control Chart 
“sing Action and Warning Limits 
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CALENDAR PERIOD 


Figure 3 
Accident Data for a Hypothetical Group of Companies 


Rate 
Number of Exposure Dis. Inj./ 
Disabling Man-Hours 100,000 
Month Injuries x 100,000 Hrs. 
January, ‘53 27 25.4 1.06 
February 48 26.6 1.80 
March 80 32.7 2.45 
April 58 35.7 1.62 
May 64 37.4 1.71 
June 72 38.7 1.86 
July 54 37.7 1.43 
August 43 40.5 1.06 
September 60 39.7 1.51 
October 73 43.1 1.70 
November 69 43.7 1.58 
December 85 42.5 2.00 
January, '54 47 40.7 1.16 
February 91 44.1 2.06 
March 99 41.4 2.39 
April 108 44.8 2.41 
May 89 41.7 2.14 
June 65 39.8 1.63 
July 81 42.3 1.91 
August 80 43.7 1.83 
September 81 42.7 1.90 
October 82 44.3 1.85 
November 68 41.2 1.65 
December 110 39.3 2.80 


Journal—36 


Revision of Control Charts: Another consideration 
in the use of control charts deals with changing the 
expected value to which the production quality is to be 
compared once the judgment is made that an assignable 
cause is probably present. If after a judgment is made 
the cause is isolated and corrected, there is no need to 
revise the control chart. On the other hand, if it is not 
isolated and corrected, succeeding judgments as to pres- 
ence of additional assignable causes, over and above the 
already accepted presence of the one assignable cause, 
require a modification of the control chart to reflect the 
already established cause., Again, this problem (revi- 
sion of control charts) is }..rticularly important in acci- 
dent application since, more often than not, it is very 
difficult first, to identify a new accident casualty and 
second, to know that it has been corrected. 

As in the case of judging that action is indicated, 
there are no universally accepted criteria for revision 
of limits and each case must be given careful study. 
The nature of the accident statistic is such that par- 
ticularly careful judgment should be made before limits 
are revised upward because this permits higher “no 
action” rates. Conversely, revision of limits downward 
might serve as an added stimulus and hence should be 
more readily performed. The following revision criteria 
listed by Grant can be considered: 

1. Whenever 7 successive points on the control chart 

are on the same side of the standard. 

2. Whenever in 1] successive points on the control 

chart, at least 10 are on the same side. 


Example Demonstrates Technique 


To demonstrate all the phases of the accident control 
chart technique the following example will be used. A 
control chart is to be set up to compare the monthly per- 
formance of a group of companies to the preceding 
industry average. The accident experience and exposure 
of the hypothetical companies is given in Figure 3. 


Trial Limits: The basic period extends from Janu- 
ary, 1953, through January, 1954, during which time 
there were 780 disabling injuries and a total exposure 
of 48,451,000 man hours.* The average rate R is: 


780 
R= 75 = 1.61 Dis. Inj./100,000 man hours 


The action limits are computed for each month of the 


base period utilizing the same computed value of R for 
every period and the separate exposures for each period: 


EXPOSURE 
Hours 
MontH _ 100,000 Action Limits 
V 161 
Jan. °53 25.4 1.61 + 3 =~ =2.37&0.85 
V 25.4 
161 
Feb. °53 26.6 161 + 3 =~ =2.35 & 0.87 
V 26.6 
1.61 
Mar. 53 32.7 161 + 3 —=2.27&0.94 
V 32.7 
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Since the actual rate of 2.45 for March, 1953, exceeds 
the upper trial action limit (2.27) for March, the trial 
limit procedure is repeated excluding the March data. 
The total number of disabling injuries in the base 
period is, then, 700 and the exposure is 45,181,000 man 
hours. The new trial average becomes: 


R — 1.55 Dis.Inj./100,000 man hours 


The action limits for each month are then computed 
with this new standard and, if all rates fall within their 
respective limits of this standard, the control chart is 
set up with this modified average as standard (Fig. 4). 


Action Indication: The first indication that the 
rate might be unusually high is in February, 1954, when 
the rate of 2.06 fell in the warning range. The rates in 
March, April and May were clear indications that acci- 
dent likelihood was unusually high in comparison with 
the average computed for the trial base period. 


Revision of Limits: Revision of limits is suggested 
in August since the August rate was the seventh suc- 
cessive rate above the expected rate. The new limits 
are calculated by considering as the base period the 
preceding 13 months—August, 1953, through August, 
1954—trial limits being computed in the same manner 
as previously outlined. 


= 
R 
EXPOSURE 
Man 
Hours 
MontTH 100,000 Action Limits 
V 1.81 
Aug. °53 405 181+ 3 =2448&1.18 
V 40.5 
V 1.81 
Sept. 339.7) 1.81 + 3 = 24581117 
V 39.7 
V 181 
Oct. 53 43.1 181 + 3 =242&1.20 
V 43.7 


It can be verified that the rates for August, 1953; 
January, 1954, and April, 1954, fall outside their action 
limits. The procedure therefore is repeated excluding 
the data for these months. We then have: 

= 792 

R= = 1.87 
This value will be found to be satisfactory and, being 
plotted on the chart, is treated as the comparison stand- 
ard for succeeding months. 


*It should be noted that wherever amount of exposure 
is changing from one period to the next in a group of 
periods, the average rate for this group is computed 
by dividing the total number of accidents by the total 
exposure. It would not be strictly correct to average 
the individual period rates since this procedure would 
not weight the rates for their respective exposures. 


Figure 4 
Accident Data — for a Hypothetical 


Group of Companies 
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Figure 5 
Computation of Ranges of Chance Fluctuation 
for Two Hypothetical Companies 


EXPOSURE: 
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Figure 6 


Critical Exposures as a Function of Expected 
Frequency Rate 
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Effect of Exposure and Interpretation 


The behavior of accident rates with changing ex- 
posure has long been known by safety directors; the 
rates of small companies tend to fluctuate more widely 
than those of larger companies; smaller companies achieve 
zero frequency rates as well as extremely high frequency 
rates more frequently. This can be seen analytically from 
expression [2] in which the range of variation is inversely 
related to the square root of the amount of exposure. 
This is shown in Figure 5 where the accident control 
charts for two companies of widely differing exposure 
are plotted utilizing 2.5 sigma limits. The two companies 
will vary around their own appropriate standards but 
the range of variation of the large company B will be 
much smaller than that of the smaller A. 

An interesting situation arises when the lower control 
limit (either warning or action) falls below zero; that 
is, is negative. Clearly a negative frequency is impos- 
sible. The only possible interpretation is that there was 
insufficient exposure to allow for meaningful interpreta- 
tion of a zero frequency rate. The simplest way to get 
around this difficulty is to increase the length of the 
period under consideration to the point where there 
would be sufficient exposure to allow for meaningful 
interpretation of a zero rate. Thus, a two month index 
might be meaningfully analyzed while a one month index 
might be of little use. 

To facilitate interpretation of zero frequency rates, 
the authors have prepared a chart, Figure 6, on which 
are plotted the minimum exposures required for inter- 
preting zero frequency rates as a joint function of the 
standard and the exposure of the accident control chart 
techniques presented in this paper. The chart is entered 
from the bottom at the frequency rate appropriate for 
the company’s type of operation, and from the left at 
the estimated exposure. If the intersection falls below 
the tine, the company does not have sufficient exposure 
to allow for anything but a chance interpretation of a 
zero rate. Either the 2.0, 2.5 or 3.0 sigma line can be 
used depending on the decision function chosen. 


Conclusions 


The safety engineering profession is constantly con- 
fronted by the problem of having to decide whether or 
not there has been some change in accident likelihood. 
The usual statistical basis for this decision, until recent 
years, has been the accident rate. However, the profession 
should accept as fact that the accident rate is a sta- 
tistic that will fluctuate even without any change in the 
underlying accident likelihood. Thus, it is clear that 
any meaningful interpretation of a rate must be made 
in relation to this fluctuation. Accident control charts 
represent an analytical tool for making such meaningful 
interpretations of accident rates. Therefore, if properly 
used, these charts can provide valuable guidance to 
the direction of the accident prevention effort. 
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Many U. S. industries and organizations 
help our Latin neighbors develop safety 
Our government also plays a 


Safety 


Engineering 


programs. 
major rolein... 


Education 
in 


South America 
by Morris B. Wallach 


URVEYS conducted in South America, including one 
by Dr. Milton Eisenhower, have disclosed the fact 
that no other part of the world is developing so 
rapidly as this area. Frequent requests for informa- 

tion and assistance expressed by South Americans have 

demonstrated their desire for greater production and 
higher living standards, not only in the future, but now. 
Such requests have been received by the American 
Embassies, the International Cooperation Administration 
and other U.S. government agencies. Assistance of this 
type falls into the category of U.S. technical assistance 
to underdeveloped countries. The development of coun- 
try-wide safety programs has become an important con- 
tribution within the scope of teaching our technical 

“know how,” in the fields of productivity improvement 

and good labor-management relations, to foreign govern- 

mental, industrial and labor agencies. Safety education 
and training contribute an important part of a seven 
step planned program procedure which includes: 

1. Survey of Extent of Need for a Program. At ihe 
request of the foreign government involved, a safety 
consultant is sent to the country for a short period to 
make an initial survey of need. The consultant de- 
cides at which level the program should start, based 


Morris B. Wallach, safety en- 
gineer with the Bureau of La- 
bor Standards, for two years 
was industrial safety consult- 
ant in Chile for the U. S. 
. Department .of Labor. He is 
a member of the American 
Society of Safety Engineers. 
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Learning by doing is applied to traffic 
safety for students at Chilean grammar school. 


on the industrial development and general progress 
of labor and management productivity and the pre- 
vention of work accidents. 

Development of Disabling Injury Statistics. Existing 
industrial accident and injury statistics are reviewed 
in order to determine their deficiencies, to recom- 
mend standards for the computation of disabling 
injury statistics and to develop a procedure for the 
analysis of such statistics to reveal the cost of acci- 
dents and injuries to labor and industry. 

Safety Engineering Education and Training Courses. 
This includes two types of education, (a) in the U.S. 
Department of Labor, universities, etc., where trainees 
are sent from foreign countries to learn the theoretical 
and practical application of safety principles to pro- 
duction processes, and (b) the development of safety 
engineering courses within the foreign countries and 
universities, departments of labor, national insurance 
organizations, industrial associations and _ trade 
unions by U.S. safety consultants who are assigned 
to the particular foreign country for periods extending 
to two years or more. Such training is not only for 
the engineer, the supervisor and the worker, but also 
for the professor of the university, for the teacher 
in the primary schools and for instructors who in 
turn teach engineers, foremen, workmen and labor 
leaders. 

Program Development in Plants. Upon request by 
an industrial plant or organization, a survey is made 
to determine the extent of need and the type of 
program to be developed. Then a detailed analysis of 
processes and operations is conducted in three or four 
separate visits of one full day each. At this time 
individual operations are studied to determine the 
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efficiency of work procedures and to eliminate existing 
hazards from the operation. Recommendations are 
developed as a result of these studies. Further con- 
tacts are made with management and the union, at 
which time a safety organization is planned with 
labor-management participation. A report is then 
drawn up and submitted for consideration by man- 
agement and the union. When agreement is reached 
the program is put into effect under the guidance of 
the U.S. consultant and the trained safety engineer 
or technician who is working with the consultant 
in the development of the program. The safety engi- 
neer or technician then follows up the program at 
regular intervals to determine its progress and to 
improve its efficiency. 

5. Labor-Management Cooperation. With all these 
activities, labor and management are constantly 
working together in the plants in the operation of 
the safety program. Close coordination between the 
two groups is essential for the proper development 
and continued progress of the program. 

6. Development of a National Safety Council. The logi- 
cal outgrowth of a successful national program is a 
determination to organize a national safety council. 
The U.S. consultant encourages, advises and assists 
industry, labor, the public, educational organizations 
and safety engineers and technicians with the develop- 
ment and organization of a national safety council 
whose purpose is the advancement of safety in the 
fields of industry, education, traffic and the home, and 
to assist in the development of standards and laws 
in their respective fields. 

Development of Annual Safety Congresses. In order 

to acquaint the general public with the activities of 


. 


President of Chile (center) watches author 
(left) demonstrate training model for manual 
lifting procedure at First Safety Congress, 
Santiago, Chile, in October, 1953. 
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Safety posters on display were developed by 
primary school children in Chile. 


the national safety council, of the safety engineers 
and technicians and of professors teaching safety in 
the universities, a Safety Congress is planned and 
developed under the guidance of the national safety 
council of the country. An additional purpose for the 
Congress is to teach the general public some of the 
basic principles of accident prevention and how they 
can cooperate to assist with the general program. 

Two countries in Latin America have completed the 


above seven step program—Chile and Uruguay. Other | 


countries such as Mexico, El Salvador and Brazil have 
training courses in industrial safety but have not com- 
pleted the planned program to date. 

Since the writer took part in the development and 


conduct of university courses and training courses in | 


Chile, this country can serve as an example of what has 
been done, is being done and what can be done in the 
field of safety engineering education in South America. 


In March, 1953, an Industrial Safety Engineering | 
Training Course was set up and was sponsored by the | 


U.S. Operation Mission to Chile in cooperation with the 
University of Chile. The course continued for one year, 
embraced the basic principles of industrial safety engi- 


neering as they applied to Chilean industry and contained | 
progressively more advanced and specialized work, in- | 
cluding teaching procedures and the development of | 


training courses. 
The 36 students registered for this course were prac- 


ticing engineers, safety technicians and Department of © 


Labor safety inspectors. Out of this first group we | 


developed a staff of 10 safety engineering professors who 
are presently teaching in the Chilean universities. Some 


| 


Bo 
os 7 
9) 
are 
| if sup 
by 
( 
| 30. 
| 
plet 


LOcaTION STUDENTS 


No. oF 
STUDENTS 


DuraTION OF COURSE 


1) Catholic University, 
Santiago 


Fifth year—industrial, civil, chem- 
ical, mechanical and electrical en- 92 


Permanent required course for 
engineering students during 


gineering students and commer- (3 groups) their fifth year—2 hrs. per 

cial engineering students. week. 
2) Chilean Technical Uni- Third year—industrial, mechani- Permanent required course for 
versity, Santiago cal and electrical engineering stu- 43 engineering students during 


dents. 


their third year—l hour per 
week. 


3) Military Engineering 


Military engineering students (offi- 


Permanent required course for 


Academy, Santiago cers). 15 military engineering students— 
2 hours per week. 
4) Caja de Accidentes del Engineers and technicians from 55 9 months 


Trabajo industrial plants. (2 groups) (150 hrs. of study). 
5) Caja de Accidentes del Supervisors from industrial plants. 87 2 months 
Trabajo (4 groups) (30 hrs. of study). 
6) Caja de Accidentes del Industrial labor union officials. 33 2 months 
Trabajo (30 hrs. of study). 
7) Union Headquarters, In- Union members. 128 2 months 
dustrial Copper Workers (4 groups) (30 hrs. of study). 
8) Industrial School of Machine Shop apprentices (part 30 3 weeks 
Nufioa of apprenticeship training program (6 hrs. of study). 
in Chile; safety will be taught as 
a part of all future apprenticeship 
training courses). 
9) Chilean Army Training Sergeants—(group 1). 36 Agricultural Safety Training 
Center Officers—(group 2). 8 Course, 2 months (30 hrs. of 


Automotive farm equipment (trac- 


tors, reapers, etc.). 


are university staff professors and 15 are instructors in 
industrial safety fundamentals. 

The instructors began to teach 30-hour courses for 
supervisors, workmen and union officials. Some of the 
courses were conducted within industrial plants in con- 
junction with the development of complete safety pro- 
grams. Others were conducted in the Caja de Accidentes 
del Trabajo, a semi-fiscal insurance agency resembling 
somewhat our State Insurance Funds. These courses for 
supervisors and workmen were conducted after working 
hours and on a voluntary basis. The Department of 
Labor in Chile sponsored courses which were conducted 
by safety inspectors who were in the original group of 
students attending the year course. 

One of the instructors was assigned the job of teaching 
30-hour safety training courses for union officials and 
members in the labor union headquarters. 

Training courses completed during 1954 are shown 
in the table above. 

The writer left Chile in February, 1955, at the com- 
pletion of a two-year program. Since then the country- 
wide program has continued to expand. Other Chilean 
universities—such as the University of Concepcién, the 
Santa Maria Technical University of Valparaiso—have 


study). 


started industrial safety engineering courses. Plant 
training courses increased as new plant safety programs 
were developed and 30-hour safety courses were con- 
ducted at other union headquarters, the Caja de Acci- 
dentes del Trabajo and the Department of Labor in Chile. 
The entire seven step planned program is continuing 
successfully in Chile. 

A similar program has been in effect in Uruguay since 
1953. The U.S. safety technician left there at the com- 
pletion of a two year program. Although the safety 
educational program was not introduced in universities 
as successfully as in Chile, still the program has con- 
tinued in 1955 and has expanded under the guidance of 
the Department of Labor and Industry of Uruguay and 
the Banco de Seguros del Estado. 

In addition to educational safety programs in the 
universities, associations, industries and labor unions, the 
primary schools have also introduced safety into their 
scholastic curriculum, not only in the field of traffic 
safety, but also home and school safety as well. 

The Green Cross symbol of safety is growing in im- 
portance in the eyes of the South American people in 
the universities, schools, industry, on the streets and in 
the homes. Safety is making progress in South America. 
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AFTE F 
EFFECTS OF 
NUCLEAH 
RADIATION 


N BOTH THE military and the peaceful utilization of 
nuclear energy the feature most damaging to human 
life, health and well-being is the escaping high energy 
radiation. 

It was otherwise in the bombing of Hiroshima and 
Nagasaki. There many more people were killed by the 
collapse of buildings, by physical shock, fire and heat 
rays than by the high energy radiation. It must be 
admitted that the radiation deaths caused by these two 
bombings are in a sense still occurring, however, and 
that they will continue for several decades, if we classify 
in this way the excess of deaths per year among persons 
of any given age who had been exposed to the bombing, 
as compared with an equal number of persons of the 
same age who had not been exposed. But even if we 
add the great number of years of life lost in this way 
to those lost by the radiation deaths of the first few 
weeks, the total toll of deaths caused by radiation turns 
out to be smaller than the number killed by the blast 
effects. The same would hold in general for A-bombs 
used in a tactical way in warfare in the future, if these 
bombs are not purposely rigged, as with cobalt, or set 
off near the earth’s surface so as to increase the fallout. 


1. Amount of Radiation Damage 
To Be Expected 


On the other hand, an H-bomb of the type set off in 
1954 and 1955, although having an explosive force in- 
ordinately greater than that of an A-bomb, is capable 
through its fallout of destroying life by radiation damage 
over an area more than a hundred times as great as that 
devastated by the blast effects. This is because in such 
a bomb the hydrogen fusion, initiated by a primary fis- 
sion reaction of active uranium or plutonium, is used, 
secondarily, to provoke further fission. This occurs in 
a casing of ordinary uranium, a substance not easily 


*This article constitutes a revised edition of an address 
entitled “The Effects of Radiation on the Human Con- 
stitution,” delivered before the Military-Industrial Con- 
ference, Chicago, Feb. 9, 1956. The first version was 
published in the Saturday Review on June 9, 1956. 
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induced to undergo fission. It is the radioactive fission 
products from this added uranium that give the fallout by 
far the major part of its lethal potential. Because of the 
cheapness of the needed additives we may assume that in 
any future all-out-war—and what war can be guaranteed 
not to become all-out?—great numbers of these super. 4 
bombs will be available as strategic weapons. Since each 
such bomb can ravage thousands of square miles with its 
radioactive precipitation (8-12, 27), it is obvious that 
it can be highly effective even when it is far from 
accurately placed. (Numbers in parentheses indicate 
references listed at end of article.) 

It is also obvious that, to enable these bombs to do the 
maximum damage to large populous regions, the attempt 
will be made to space them in such a way as to have 
their wide marginal areas of fallout overlapping one 
another. This is the procedure called “pattern bombing.” 
In this way even the marginal areas are brought above 
the radiation level for lethality, and so the range of 
effective fallout for a given number of bombs is much 
greater than if they were either widely separated or 
superposed. At the same time, most of the survivors 
of such pattern bombing are caught in a position so in- 
terior within the group of conjoined fallout areas that 
they must endure a much longer period of hiding out in 
basements and underground shelters until their evacu- 
ation can be undertaken without their being subjected 
to too much radiation en route. For their trip to a rela- 
tively safe area will take such a long time that the level 
of radiation must fall to a much lower level than if their 
journey were a short and easy one. Eventual evacuation 
would of course be imperative for all these people, be- 
cause for years it would be dangerous to live in such 
regions.. 

It would be surprising if the surviving population of 
a country that had been systematically subjected to pat- 
tern bombing did not accumulate in the course of time 
an average of a hundred to several hundred roentgen 
units* of radiation, even though they had been well 
disciplined for such an attack and well provided with 
underground shelters, radiation counters, facilities for 
decontamination, battery-powered radios and other essen- 
tial supplies. At least, it has been estimated that people 
remaining all the time in the basements of suburban-type 
houses, well sealed off from the dust of the outer air, in 
positions 110 miles downwind from an explosion of 
the type set off in the Pacific in March two years ago, 
would receive some 100 roentgens of gamma radiation 
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*A roentgen unit (written as ) of X or gamma 
radiation is the amount that will, when applied to air 
under standard conditions, produce ions carrying 1 elec- 
trostatic unit of charge per cubic centimeter. The actual 
number of pairs of ions giving this result is about 
2.1 X 10° per cc. In water or tissue, however, the num- 
ber of pairs of ions produced by 1 r is about 800 times 
this. A chest X-ray commonly delivers about a tenth 
of a roentgen (.1 r) to the interior of the chest. The body 
as a whole, including the reproductive organs, usually 
receives some 4 to 5 r of radiation from natural sources 
in the course of a reproductive generation (30 years). 
Some 400 r to 500 r, if delivered in a short time (e.g. 
an hour or less), would kill about half of the persons 
exposed to it. 
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from outside during the first week alone (9). More- 
over, exposure outdoors in that region on the eighth day, 
if rain or artificial decontamination had not occurred, 
might deliver 80 roentgens more of whole body radiation 


to them in 24 hours. This would not be enough to give ° 


many of them serious radiation sickness if they did not 
get the dust on their skins or into their bodies. 

If, however, the population was less well prepared 
and instructed than here assumed the survivors might in 
the course of the first week or two receive an average 
dose of well over a thousand roentgens. This is a dose 
several times that which would have killed them if it 
had been received all at once, and when received in this 
somewhat more diffuse form it would still be enough to 
give most of them pronounced radiation sickness. We 
shall not attempt to estimate here what proportion of 
the people in the entire fallout area would be less pro- 
tected or at a shorter distance than this from the explo- 
sion and in consequence would have had such severe 
radiation sickness as to kill them. This proportion would 
depend very much upon how well the people had been 
disciplined in advance, provided with underground shel- 
ter; and otherwise equipped. 


2. Earlier Effects of Radiation 


There are still many gaps in our knowledge of the 
ways in which radiation produces the series of maladies 
known as radiation sickness, that afflict people within the 
first days and weeks after a heavy exposure (21, 24, 25). 
However, more and more evidence is accumulating that 
the chief basis of the disturbance lies in pointwise injury 
to the genetic material of individual cells, striking now 
here, now there, in a random fashion among cells that 
normally are replenishing themselves by cell division. 
Among the cells most actively engaged in such replen- 
ishment, and therefore very sensitive to killing by radi- 
ation, are those of the blood system, such as bone marrow 
and lymph gland cells. From these are derived the red 
and white blood cells and the little platelets necessary for 
insuring blood clotting. Intestinal lining cells must also 
replenish themselves actively by division and therefore 
are similarly sensitive. To a lesser extent the same is 
true of skin and hair cells. Therefore these tissues are 
among the most affected by radiation and the symptoms 
that follow are largely secondary effects of the destruc- 
tion, or the prevention of normal division, of large num- 
bers of cells of these kinds. 

For example, if enough intestinal lining cells are de- 


Professor Hermann J. Muller was awarded the Nobel prize in 1946 
for his work in genetics, including formulation of the now-recog- 
nized principles of spontaneous gene mutation and the conception 
of the gene as constituting the basis of life and evolution (1918- 
1926), and 20 years of research based on his discovery of the produc- 
tion of gene mutations and chromosome changes by X-rays. He holds 
a Ph.D. and an honorary D.Sc. from Columbia and a D.Sc. from 
Edinburgh, Scotland. Since 1945 he has been at Indiana University, 
working chiefly on radiation-induced mutations. 


stroyed or prevented from being replenished, gaps arise 
in the lining through which vitally needed fluid leaks 
out into the intestine, while destructive intestinal juices 
seep into the body spaces (26). At the same time, the 
diminution in number of white blood cells reduces the 
body’s defenses against germs and the reduction of clot- 
ting power leads to hemorrhages through the perforations 
that may have been induced in blood vessel linings. The 
cells of the reproductive organs also are rapidly dividing 
cells; hence the reproductive organs are likely to enter a 
period of sterility. 

Part of the effect, in all these cases, must be a conse- 
quence of the temporary checking of cell multiplication 
that radiation is known to cause. But much of it is a 
consequence of the breaking of the chromosomes within 
the cells. The chromosomes are the minute threads that 
contain the cell’s hereditary equipment—its thousands of 
different, highly specialized genes. It is only when cells 
divide, and therewith transmit their precious cargo of 
genes to their two daughter cells, that a break in a 
chromosome, previously produced in it by radiation, may 
result in a cell that lacks one or more of the resulting 
chromosome fragments. Such a cell and all cells later 
descended from it are likely to be abnormal and impaired 
in functioning and may die off. A break may also be 
followed by a sticking together, at their raw ends, of 
chromosome pieces that do not belong together, and 
these combination fragments may become lodged between 
the two daughter cells that are forming, in such a way 
as to prevent their proper separation from one another 
in that as well as in any following cell divisions. The 
result in such a case also is the eventual death of all cells 
descended from the one in which the chromosome break- 
age occurred. Thus, much of radiation sickness is an 
expression of the damage inflicted on the hereditary 
(genetic) material of numerous cells lying scattered 
throughout those tissues in which there is normally an 
active process of renewal by cell division. 

On this interpretation it is not surprising that, if the 
irradiation has not been too drastic, there will be enough 
normal cells remaining so that, by the multiplication of 
these, the depleted tissues can become restored to a con- 
siderable degree. The restoration is often incomplete, 
however, and diverse parts of the body are thereby left in 
a somewhat weakened condition, in which the necessary 
operations are carried on less effectively. Since the more 
rapidly multiplying the cells in the given tissue were, 
the greater the damage, it is evident that the younger 
the individual is when irradiated, the more he will be 
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from outside during the first week alone (9). More- 
over, exposure outdoors in that region on the eighth day, 
if rain or artificial decontamination had not occurred, 
might deliver 80 roentgens more of whole body radiation 
to them in 24 hours. This would not be enough to give" 
many of them serious radiation sickness if they did not 
get the dust on their skins or into their bodies. 

~ If, however, the population was less well prepared 
and instructed than here assumed the survivors might in 
the course of the first week or two receive an average 
dose of well over a thousand roentgens. This is a dose 
several times that which would have killed them if it 
had been received all at once, and when received in this 
somewhat more diffuse form it would still be enough to 
give most of them pronounced radiation sickness. We 
shall not attempt to estimate here what proportion of 
the people in the entire fallout area would be less pro- 
tected or at a shorter distance than this from the explo- 
sion and in consequence would have had such severe 
radiation sickness as to kill them. This proportion would 
depend very much upon how well the people had been 
disciplined in advance, provided with underground shel- 


ters and otherwise equipped. 


2. Earlier Effects of Radiation 


There are still many gaps in our knowledge of the 
ways in which radiation produces the series of maladies 
known as radiation sickness, that afflict people within the 
first days and weeks after a heavy exposure (21, 24, 25). 
However, more and more evidence is accumulating that 
the chief basis of the disturbance lies in pointwise injury 
to the genetic material of individual cells, striking now 
here, now there, in a random fashion among cells that 
normally are replenishing themselves by cell division. 
Among the cells most actively engaged in such replen- 
ishment, and therefore very sensitive to killing by radi- 
ation, are those of the blood system, such as bone marrow 
and lymph gland cells. From these are derived the red 
and white blood cells and the little platelets necessary for 
insuring blood clotting. Intestinal lining cells must also 
replenish themselves actively by division and therefore 
are similarly sensitive. To a lesser extent the same is 
true of skin and hair cells. Therefore these tissues are 
among the most affected hy radiation and the symptoms 
that follow are largely secondary effects of the destruc- 
tion, or the prevention of normal division, of large num- 
bers of cells of these kinds. 

For example, if enough intestinal lining cells are de- 
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stroyed or prevented from being replenished, gaps arise 
in the lining through which vitally needed fluid leaks 
out into the intestine, while destructive intestinal juices 
seep into the body spaces (26). At the same time, the 
diminution in number of white blood cells reduces the 
body’s defenses against germs and the reduction of clot- 
ting power leads to hemorrhages through the perforations 
that may have been induced in bleod vessel linings. The 
cells of the reproductive organs also are rapidly dividing 
cells; hence the reproductive organs are likely to enter a 
period of sterility. 

Part of the effect, in all these cases, must be a conse- 
quence of the temporary checking of cell multiplication 
that radiation is known to cause. But much of it is a 
consequence of the breaking of the chromosomes within 
the cells. The chromosomes are the minute threads that 
contain the cell’s hereditary equipment—its thousands of 
different, highly specialized genes. It is only when cells 
divide, and therewith transmit their precious cargo of 
genes to their two daughter cells, that a break in a 
chromosome, previously produced in it by radiation, may 
result in a cell that lacks one or more of the resulting 
chromosome fragments. Such a cell and all cells later 
descended from it are likely to be abnormal and impaired 
in functioning and may die off. A break may also be 
followed by a sticking together, at their raw ends, of 
chromosome pieces that do not belong together, and 
these combination fragments may become lodged between 
the two daughter cells that are forming, in such a way 
as to prevent their proper separation from one another 
in that as well as in any following cell divisions. The 
result in such a case also is the eventual death of all cells 
descended from the one in which the chromosome break- 
age occurred. Thus, much of radiation sickness is an 
expression of the damage inflicted on the hereditary 
genetic) material of numerous cells lying scattered 
throughout those tissues in which there is normally an 
active process of renewal by cell division. 

On this interpretation it is not surprising that, if the 
irradiation has not been too drastic, there will be enough 
normal cells remaining so that, by the multiplication of 
these, the depleted tissues can become restored to a con- 
siderable degree. The restoration is often incomplete, 
however, and diverse parts of the body are thereby left in 
a somewhat weakened condition, in which the necessary 
operations are carried on less effectively. Since the more 
rapidly multiplying the cells in the given tissue were, 
the greater the damage, it is evident that the younger 
the individual is when irradiated, the more he will be 
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AFTER EFFECTS OF RADIATION Continued 


affected. This will express itself, among other things, in 
a checking of growth from which he will never fully 
recover. Moreover, those parts of him that were in a 
faster growing, more formative state at the time of ex- 
posure will be especially retarded and deranged. That is 
why even doses of 25 to 100 roentgens, if delivered to 
the young fetus, can give rise to permanent abnormalities. 
Among these is the condition of small head or micro- 
cephaly, resulting in defective intelligence, that was found 
in some of the children born at Hiroshima several months 
after the bombing. 


3. Delayed Effects 


One of the kinds of damage to body cells that is 
sometimes brought about by radiation is the conversion 
of a normal cell, probably by some kind of mutation in 
a gene, into a cell with the potent»s/ity of later pro- 
ducing a malignant growth, either «° blood cells, as in 
leukemia, or of some other type. These symptoms some- 
times become evident only when conditions are appro- 
priate for such growth to occur—often not until decades 
after the irradiation. Fortunately, the malignancies are 
induced in only a small minority of people by such doses 
as can be tolerated by the whole body. However, in 
cases in which only a small part of the body has been 
irradiated, a dose may have been received that is far 
higher than the whole body could have tolerated. Here 
the chance of a malignancy later developing is much 
greater. 

More frequent among the late effects of irradiation of 
the whole body are the development of minute spots of 
opacity in the lenses of the eyes. These cataracts, seldom 
large enough to impair vision seriously, show where in- 
dividual cells had been permanently damaged, very likely 
by breaks in their chromosomes. It is only because the 
lens is a transparent tissue that we can directly detect 

these points of injury in it. However, it may be inferred 
| that the same kind of thing happens in all parts in which 
there are cells that can divide. This would explain what 
is by far the most serious of the long-term effects of 
| radiation on the exposed person himself—the shortening 
| of his span of life. 
! It is remarkable how few people, even among physi- 
cians, are yet aware of this insidious effect on life span 
| and of the exact rules it follows. These rules, in pre- 
liminary form, were discovered some 10 or more years 
ago by Dr. R. D. Boche, then at the University of 
Rochester but shortly afterwards at the University of 
Chicago and now in California. He discovered these rules 
on going over data obtained by a number of investiga- 
tors during the war, under the Manhattan District project, 
on the time of death of irradiated mammals of several 
different species (2, 3). The principles were further 
developed by G. A. Sacher, A. M. Brues (4), E. Lorenz, 
and others. The results have been so consistent that there 
is no reasonable doubt of the application of the same 
rules to man, especially in view of some confirmatory 
evidence from man. They lead to the conclusion that, 
for each roentgen unit of radiation received by the whole 
body at a given age, if delivered at a rate of not more 
than a few roentgens per day, there is on the average a 
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loss of something like five days of life, perhaps as much 
as two weeks, depending somewhat upon the age. Therg 
is still uncertainty about the exact quantity and about itg 
manner of dependence upon age, but not about the geneam 
eral principle. No one particular ailment is thereby 
induced in the exposed group of mice, rats, dogs of 
people; they are just made a trifle more susceptible to alf 
causes of death, much as if they had been aged by® 
a given amount. 

Since the effect is simply proportional to the amount 
of radiation, so long as the rate of radiation per day ig 
low, a dose of 200 roentgens, received in a dispersed 
manner over a considerable period, would cause 4g 
pseudo-aging of something like 1000 days. That ig, 
death would on the average occur nearly three yearg 
earlier than if there had been no exposure. This pro 
portionality of the effect to dose at low rates of delivery 
of the radiation is understandable if it has its basis ing 
chromosome changes, for at low dose rates these chromo 
some effects also follow this rule, unlike most biological 
effects. If, however, the rate of delivery of the radiation 
is raised considerably, so that the 200 roentgens here ig 
question are received in a period of hours, the frequency 
of permanent chromosome changes becomes dispropom 
tionately greater, and corresponding with this there wil 
be a more extreme curtailment of the life span. 

In view of all this, it is rather surprising to read that 
a given amount of radiation is entirely harmless, or such 
a statement as the final sentence in a feature articl 
entitled “Fallout True Story” (23), which appeared in thea 
November, 1955, issue of the Office of Naval Research’sam 
magazine, “Research Reviews.” Referring to the @& 
natives of the Island of Rongelap (Marshall Islands) whe 
had received an estimated 175 roentgens of gamma radia 
tion and additional radiation of a beta type, and who had 
shown some of the symptoms of radiation sickness, this 
article concludes: “Yet, after 18 months, all 64 of these 
natives are still alive, and none suffer any lasting after 
effects as the result of their experience with radioactive 
dust.” (Italics mine.) Do we not officially admit the 
long known shortening of life, and the fact that any 
exposure, no matter how small, exerts some permanent 
damage? 

As for larger doses, it can be calculated that people 
of, say, 30 years of age who, having been in a bombed 
region, have somehow managed to survive 1000 roentgens 
(the first third of the dose received in the first day of 
two and the rest by the accumulation of decreasing 
amounts over a period of weeks or months), will prob 
ably succumb within something like a decade. Few of 
these deaths (except for some leukemias and other malig: 
nancies) will be individually traceable to the radiation, 
however. They will appear to have followed from “natt 
ral causes.” Only a statistical comparison with the fre 
quency of deaths among non-bombed populations will 
prove the falsity of this interpretation. A similar site 
ation exists in Hiroshima today, but the increase in thé 
death rate is much less extreme than in our hypothetical 
example because of the relatively small amount of fallout 
that that bombing produced. 


4. Effects on the Descendants 


It is fortunate that such large doses as 1000 r, if 
received gradually, usually cause sterility. For the sum 
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total of hereditary damage done to later generations by 
a given amount of irradiation of persons who later 
reproduce, if expressed in terms of years of life lost, is 
very much greater than the damage done to the directly, 
exposed individuals. In fact it is probably more than 
10 times as great. This total damage to the descendants 
is spread out over so many generations, however, that 
even in the most affected generation, the immediate 
children, it would be very difficult to demonstrate the 
damage after a dose of about a hundred roentgens. Yet 
the damage is nonetheless very real and hits humanity at 
its innermost and most precious core (13-20). 

This damage to later generations, unlike that causing 
the trouble in the tissues of the exposed individual’s own 
body, does not have its basis mainly in gross fragmenta- 
tion of the chromosomes. The view most widely accepted 
by geneticists is that such damage consists mainly of 
permanent chemical alterations, called mutations, that 
are produced by the radiation in a haphazard way in 
one or another of the genes, the hereditary particles lying 
within the chromosomes of the reproductive cells. Each 
chromosome may in fact be regarded as a chain of 
hundreds of genes, arranged single file. Each of the 
thousands of different genes in a reproductive cell will 
have its specialized role to play in the development and 
maintenance of the offspring which that cell, after fertili- 
zation, will produce, and will govern specific reactions 
in the intricate system of operations whereby that off- 
spring will live and in its own turn reproduce. Thus any 
alteration of a single gene’s composition, brought about 
by some minute collision that was induced blindly by a 
bolt of radiation, will in the vast majority of cases cause 
some disturbance or impairment in the development or 
functioning of the body derived from an affected germ 
cell. 

It is an old wives’ tale, repeated in science fiction, that 
mutations commonly take the form of monstrosities or 
freaks. It should be recognized that the impairment will 
usually be slight, or even unrecognizable, consisting of 
such traits as a slightly greater than, average tendency to 
theumatism, or to gastric ulcer or high blood pressure, 
often not evident until the later years of life, or a higher 
requirement for some vitamin or a slightly lowered I.Q. 
One reason for this lack of marked effects is that an 
offspring containing a mutant gene will almost always 
inherit from its other parent an undamaged gene of the 
original kind in question. This normal gene will usually 
exert a much stronger effect than the mutant gene, being, 
as we say, “dominant.” Yet for all that the mutant gene, 
and the slight impairment caused by it, will tend to be 
inherited by a succession of generations. It will tend to 
hamper these descendants to some small degree at least, 
even in the presence of the normal gene, until in the end 
some heir to this legacy finds himself in circumstances 
where just that disability happens to become the deciding 
factor in causing his death before maturity or his failure 
to reproduce. Thus the mutant gene will at long last be 
eliminated from the population, but only at the cost of 
the dying out or biological frustration of some descend- 
ant, usually a remote one, and the hampering, in some 
degree, of legatees belonging to the. intermediate gen- 
erations, 

In its impact on the population as a whole this kind 


of effect on later generations is in some ways curiously 
analogous to the shortening of life produced in the 
directly exposed generation. For the impairments appear 
natural and are lost in the crowd of otherwise existing 
dysfunctions. Yet they may take a very considerable 
toll. In any given case we can never be sure that the 
infirmity or the death was caused by the radiation. 

It is better established for the mutations inherited 
by the offspring than for the shortening of the life span 
of the exposed individuals themselves, that the abundance 
of the effects is directly proportional to the dose received, 
no matter how large or small that dose. Thus there is 
no dose so small that it fails to entail its proportionate 
risk of causing a mutation. In the case of the mutations 
of genes, however, unlike the life span effects, the rate 
at which the radiation is received makes no difference. 
A given total dose is just as effective in producing these 
mutations if its delivery was dispersed over a period of 
30 years as if it was concentrated into two seconds. Thus 
the total number of mutations produced by radiation in 
one generation depends on the total dose of radiation 
accumulated between the conceptions that gave rise to 
that generation and the conceptions that give rise to the 
following generation. 

How many mutations are produced in man by a given 
dose is a matter of considerable uncertainty. However, 
in the light of data from other animals, the most prob- 
able value is that each roentgen unit received by one 
parent results in one induced mutation among about 400 
of his germ cells. This means, for example, that if a 
parent had received 100 roentgens any child of his con- 
ceived after that time would have one chance in four of 
receiving an induced mutation from him. That is, there 
would be one such mutation among every four of his 
children, in addition of course to the several or many 
mutations of natural origin that they would also be 
inheriting, mostly from the remote past, and that had not 
yet been eliminated. If both parents had received 200 
roentgens, thus having a total of 400, each child, on the 
average, would inherit one induced mutation. 

It is readily seen that even though each person of the 
next generation contained, on the average, one mutation 
induced by the radiation, this would still be far from 
enough to threaten seriously the continuance of the 
population as a whole. For we all have a fair number 
of mutations already and are able to stand them. There- 
fore mankind would not be wiped out by this means, 
although of course it could be wiped out in a much more 
direct way by nuclear warfare if the leaders of mankind 
became insane enough. Nevertiwiess, short of such an 
ultimate catastrophe, any such tampering with our bio- 
logical birthright as nuclear war would bring is not to be 
viewed with equanimity. This is especially the case in 
view of the fact that the conditions of living which in the 
past led to the elimination of those lines of descent that 
were more heavily burdened with impairments are no 
longer exerting a strong enough influence of this kind 
to prevent the population from deteriorating in some 
important respects. Thus, whatever genetic damage may 
be done by radiation today or tomorrow would tend to 
persist for many more centuries than it would have 
formerly, and some of it would probably increase. For 
these reasons, even though the genetic damage entailed 
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AFTER EFFECTS OF RADIATION Continued 


by nuclear warfare would by no means be insupportable, 
provided this warfare were not repeated in future gen- 
erations, yet our descendants would suffer to no small 
degree, and would place the blame on our shoulders, if 
we did not take all possible steps to avoid this source 
of biological contamination. 


5. Measures for Defending 
Our Genetic Heritage 


There are some indications, especially from Dr. Hol- 
laender’s group at Oak Ridge, that methods of therapy or 
prophylaxis may eventually be developed which, if applied 
shortly before or even immediately after exposure, will 
drastically reduce radiation damage, perhaps by as much 
as 50 per cent (5-7). In bacteria this can be done even 
in the case of the mutation-producing effect. There is 
little indication, however, that harmless, practicable 
methods of this kind can be made available for man on 
a broad scale in the near future, especially for radiation 
occurring at an unpredictable time or over an extended 
period, nor do we yet know whether these methods 
would work against the production of mutations in man. 
But even if they worked fairly well they might, by saving 
for life and reproduction large numbers of persons who 
otherwise would have died from overexposure, open the 
way for the transmission to later generations of as many 
induced mutations that otherwise would have met ex- 
tinction, as the number of mutations that they prevented 
from occurring. Thus, in addition to such measures, we 
should also prepare to use other, simpler but less thor- 
oughgoing ones. 

In this connection it should again be emphasized that 
the effect on later generations is produced only by the 
exposure of people who will later reproduce. One of 
the measures, then. if war seems imminent, is to evacuate 
to the country as many children and young people as 
possible, and also pregnant women and mothers with in- 
fants. This is a procedure similar to that which was 
successfully carried out on a large scale in England 
during World War II in order to avoid the blast effects 
of chemical bombs. In this case they must be evacuated 
to regions hundreds of miles downwind, with respect 
especially to winds of the upper air, from major cities 
and strategic points. This very cumbersome procedure, 
however, even if executed satisfactorily, will not save the 
genes of the young men, or of many of the young women. 

The other major measure for defending our genetic 
heritage is to take into account in our plans for civil 
defense and rehabilitation following bombings the very 
particular need to protect from exposure the reproduc- 
tive cells of our youth. Let people under 35, and all who 
are likely later to reproduce, be the last to be accepted 
for use after a bombing has occurred, in such essential 
services as rescue work, decontamination, bringing in 
supplies, transportation and everything else that requires 
activities that are carried on in relatively unsheltered 
situations. In this way the older generation may be 
better assured that, whatever else has happened, their 
descendants will not be subjected to a lasting biological 
incubus imposed by negligence of which they, the fore- 
bears, had beer. guilty. 
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6. Remote Fallout Damage 


This discussion so far has been confined to the effect 
on the human hereditary constitution exerted in the 
region of an actual nuclear attack, or at least in the 
region of the “local” fallout from such an attack. Mucy 
of the fallout from hydrogen bombs, travelling high ig 
the stratosphere, would be dispersed throughout thé 
world and be precipitated for years. However, it cag 
be calculated that even if the equivalent of seven hum 
dred 15-megaton bombs, each of the type and order @f 
strength of that at Bikini on March 1, 1954, were re 
leased, the fallout in remote regions would raise them 
amount of radiation received by the population in thé 
world at large, outside of the local fallout areas, by only 
one to a few times the amount they ordinarily receive 
from natural causes (9, 10, 27). This damage, if not re 
peated by similar warfare in later generations. could nof 
seriously impair the genetic composition of the populaamm 
tion as a whole, even though it would be harmful to manga 
widely scattered, untraceable individuals. 

Much more radiation would, however. be received # 
large amounts of cobalt or certain other substances hag 
been purposely added to the bombs or had been i 
range of the fire-ball, or if materials, such as fish, derived 
from the areas of heavy fallout were used as food. Morea 
over, it is by no means established as yet that certaifj 
long-lived radioactive isotopes, such as those of strontium 
and cesium (9-12, 20), would not accumulate in pam 
ticular tissues, such as bones, to a degree which would 
give rise to grave disorders, including cancers. in them 
population of the directly exposed generation. 


7. Protection in the Peacetime Use 
of Nuclear Energy 


When we turn from these military effects to the peacg 
time utilization of nuclear energy, we find a curiougm 
situation. At Oak Ridge and presumably at some of them 
other government-sponsored atomic installations, the offi 
cially recognized “permissible dose” of .3 roentgen pélamy 
week is set (1, 22). In actuality, however, relativeli™ 
few workers receive more than a fifth of this amount 
In the course of five years, a good average of the time 
the employes usually stay at such a plant, a more exposélil™ 
worker might thereby receive about fifteen roentgen 
This would not result in children who were conceived bya 
him during or after that time receiving an alarming 
number of mutations caused by the radiation. Moré 
over, it would result in an average shortening of them 
worker’s own life span by only a few months. 

Since, however, it is expensive to provide remote comm 
trol mechanisms, waste disposal and shielding for pram 
tecting the worker to such an extent as at Oak Ridggamy 
we can hardly expect industrial plants now planning thei 
installations and procedures to keep down the dose mudi 
below that designated as permissible. This consideration 
would be even stronger in the case of government-spoliaam™ 
sored plants of some countries under greater economia 
stress than our own. Moreover, it is to be expectél 
that as conditions of employment in such plants beg 
come stabilized the workers will remain longer ami 
that, since many of them are highly trained, the plant 
will attempt to keep them. Consider now what an expe 
sure of “only” the official .3 roentgen per week wil 
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come to 600 roentgens—more than that of most exposed 
survivors in a nuclear war—and in the first 10 years, 
perhaps prior to the worker’s reproduction, it will be 150 


roentgens. This amount before reproduction, on the, 


part of just one member of each married couple, pre- 
sumably the father, will probably cause at least one in 
every 2 or 3 children, on the average, to receive one 
mutation induced by the radiation. This is a frequency 
several times as high as the new mutations that would 
appear among these children from all natural causes. 
The induced mutation would thereupon tend to go on 
down to hamper a long line of descendants until at last 
it extinguished that line. 

Because mutations are usually unspectacular and un- 
identifiable it is not likely that this visiting of the parents’ 
transgressions on mostly remote descendants would, 
human nature and its present attitudes being what they 
are, cause a great deal of compunction on the part of the 
progenitors themselves. Not so, however, when they 
come to consider the effect of the 600 roentgens ac- 
cumulated throughout life on their own well-being. For 
the effect amounts to a shortening of life that may be 
estimated at something between 4 and 8 years. That is, 
the worker’s life is shortened by something like one or 
two years for every 10 years that he works at such a 
plant. Since this secret is at last creeping out of the 
technical publications it will not be long before the 
worker knows this. If industry would lower its so- 
called “permissible dose” by 9/10, to an average of .03 
roentgens per week or 1.5 roentgens per year—an ex- 
pensive but perfectly feasible undertaking—all but a 
small part of this damage would be avoided and, more 
important in the long run, future generations would be 
spared even more damage than the present one. _ 

The cost of the arrangements necessary for this very 
high degree of protection has been estimated at some 
$100 per man per year, or $4000 for each man for 40 
years (Manov, Proceedings of the International Confer- 
ence on Peaceful Uses of Atomic Energy, Geneva, 1955). 
However, even if this hastily made and sketchy estimate 
of cost turns out to be several times too low, as it well 
may, the expense would not be as great as paying dam- 
ages for the loss of 4 to 8 years of each worker’s life, 
or for the higher wages they would demand in place of 
damages. Moreover, such arrangements if once attempted 
always undergo considerable reduction in cost in the 
course of experience and invention. 

A plan which would ultimately be amply satisfactory 
and much less expensive is not to impose weekly ceilings 
of radiation at all, but to keep track of the exposure 
being accumulated by each worker and to see to it that 
he does not receive more than a given total amount of 
radiation over a given number of years. Thus, in the 
recent report of the Genetics Committee, set up by the 
National Academy of Sciences, in its study of the bio- 
logical effects of atomic radiation (21), it is recommend- 
ed that a worker in an atomic installation not be allowed 
to receive a total of more than 50 roentgens up to age 
30 (by which time a man has usually conceived more 
than half of his children), nor more than another 50 
roentgens up to age 40. It is also recommended that, 
wherever possible, older workers and those not likely to 
reproduce thereafter, be used for jobs subject to expo- 
sures higher than the ordinary ones. 


It would be shortsighted and pernicious to wait for 
several decades until the untimely deaths of workers 
could be demonstrated statistically. The designing and 
setting up of atomic equipment and procedures which is 
now taking place should be guided by the most ad- 
vanced knowledge we now have. Otherwise we shall be 
confronted with the far more expensive process of re- 
constructing our installations and economies later. 


Concluding Comments 


Only by frankly facing and adequately coping with 
the hazards of radiation can we satisfactorily maintain 
and enhance the morale of our workers and win their 
wholehearted support for a vast program of nuclear 
development. Growth of the utilization of nuclear energy 
on an enormous scale and along salutary lines is a vital 
necessity not only for the building up of our country’s 
defensive strength; it is also necessary if we are to enter 
upon that unparalleled period of industrial expansion 
which will show the way for the bringing of well being to 
all the world. These are the tactics which will tend to 
ease those stresses of poverty, jealousy, ignorance and 
tyranny that among the unhappy and credulous millions 
of many lands less fortunate than ours are providing the 
preconditions for war. 

We may justly be proud that it was our own country 
which at Geneva last summer took the lead in opening 
up this realistic course of action, a course which may 
finally lead civilization out of the critical situation now 
threatening its existence. But we must see to it that 
this good beginning is vigorously and wisely followed up. 
For it will not be many years before the power to commit 
disastrous acts of nuclear aggression has become distrib- 
uted among many relatively undeveloped or small coun- 
tries, the governments of some of which may be insufh- 
ciently responsible. The possibility may arise of a much 
less stable balance than that between two major powers. 
It will then be a cardinal necessity for people every- 
where to come to understand that their conditions of life 
may be radically improved through the peaceful applica- 
tion of nuclear energy and that, on the other hand, its 
destructive application constitutes an invitation to uni- 
versal catastrophe. The appreciation of this two-fold 
truth can be attained, however, only if the peaceful de- 
velopment is being conducted soundly. This means that 
its operations must be carried on with such rigorous 
safeguards that those working on the projects will feel 
no fear for themselves or their descendants and, in the 
absence of any such apprehensions, will take pride in the 
realization that they are among the foremost contributors 
to human betterment. 

At the same time, the population in general must be 
sufficiently protected from genetic damage by the en- 
forcement of a low enough ceiling of radiation from all 
artificial sources combined. This means effective super- 
vision over medical as well as over industrial and military 
uses of radiation and over the disposal of atomic wastes. 
In setting this ceiling, it must be borne in mind that only 
one roentgen, delivered to each of a hundred million 
people, will do a hundred times as much damage to pos- 
terity, via the production of mutations, as a hundred 
roentgens, delivered to each of ten thousand people. 
Moreover, this genetic damage accumulates from genera- 
tion to generation if the exposures are repeated in suc- 
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ceeding generations as the peacetime exposures are ex- 
pected to be. 

In view of these considerations the Genetics Commit- 
tee in its recent report (21) recommends that close watch 
and control be kept over the total radiation being re- 
ceived by the population as a whole, with records of each 
person’s exposures. The total dose accumulated by the 
reproductive organs in 30 years from all man made 
sources, it is recommended, shall not exceed 10 roentgens 
per person, on the average, but an effort should be made 
to keep it as far below this as possible. Further study 
should be instituted with a view to later revision of this 
figure. since present knowledge of the details necessary 
for a decision has been far from satisfactory. At present 
the American people seem to be receiving an average of 
about 3 of this “permitted” 10 roentgens from medical 
sources and a far smaller amount from fallouts and from 
the use of atomic energy. The medical exposures to the 
reproductive organs can unquestionably be decreased 
greatly by the use of relatively simple precautions, with- 
out impairment of medical diagnosis or treatments. But 
as atomic energy comes to be used to an ever greater 
extent, this will probably become a much more abundant 
source of exposure than that due to medicine unless the 
most rigorous measures for disposal of atomic wastes 
and for shielding against escaping radiation are insti- 
tuted. 

The boons that atomic energy offers mankind appear 
almost miraculous. But it will not profit us to gain any 
number of new worlds, if in the process of doing so we 
lose the best in our own natures. 
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Foreword 


Honesty, justice and courtesy form a 
moral philosophy which, associated with 
mutual interest among men, constitutes 
the foundation of ethics. The engineer 
should recognize such a standard, not in 
passive observance, but as a set of dy- 
namic principles guiding his conduct and 
way of life. It is his duty to practice his 
profession according to these Canons of 
Ethics. 

As the keystone of professional conduct 
is integrity, the engineer will discharge 
his duties with fidelity to the public, his 
employers and clients, and with fairness 
and impartiality to all. It is his duty to 
interest himself in public welfare and to 
be ready to apply his special knowledge 
for the benefit of mankind. He should 
uphold the honor and dignity of his pro- 
fession and also avoid association with 
any enterprise of questionable character. 
In his dealings with fellow engineers he 
should be fair and tolerant. 


Professional Life 


Sec. 1. The engineer will cooperate in 
extending the effectiveness of the engi- 
neering profession by interchanging in- 
formation and experience with other en- 
gineers and students and by contributing 
to the work of engineering societies, 
schools and the scientific and engineering 
press. 

Sec. 2. He will not advertise his work 
or merit in a self-laudatory manner and 
he will avoid all conduct or practice 
likely to discredit or do injury to the 
dignity and honor of his profession. 


Relations with the Public 


Sec. 3. The engineer will endeavor to 
extend public knowledge of engineering 
and will discourage the spreading of un- 
true, unfair and exaggerated statements 
regarding engineering. 

Sec. 4. He will have due regard for 
the safety of life and health of the public 
and employes who may be affected by 
the work for which he is responsible. 

Sec. 5. He will express an opinion 
only when it is founded on adequate 
knowledge and honest conviction while 
he is serving as a witness before a court, 
commission or other tribunal. 

Sec. 6. He will not issue ex parte 
statements, criticisms or arguments on 
matters connected with public policy 
which are inspired or paid for by private 
interests unless he indicates on whose 
behalf he is making the statement. 


Canons of Ethics for Engineers 


Sec. 7. He will refrain from express- 
ing publicly an opinion on an engineer- 
ing subject unless he is informed as to 
the facts relating thereto. 


Relations with Clients and Employers 


Sec. 8. The engineer will act in pro- 
fessional matters for each client or em- 
ployer as a faithful agent or trustee. 

Sec. 9. He will act with fairness and 
justice between his client or employer 
and the contractor when dealing with 
contracts. 

Sec. 10. He will make his status clear 
to his client or employer before under- 
taking an engagement if he may be 
called upon to decide on the use of in- 
ventions, apparatus or any other thing 
in which he may have a financial interest. 

Sec. 11. He will guard against con- 
ditions that are dangerous or threaten- 
ing to life, limb or property on work for 
which he is responsible or, if he is not 
responsible, will promptly call such con- 
ditions to the attention of those who are 
responsible. 

Sec. 12. He will present clearly the 
consequences to be expected from devia- 
tions proposed if his engineering judg- 
ment is overruled by nontechnical author- 
ity in cases where he is responsible for 
the technical adequacy of engineering 
work. 

Sec. 13. He will engage or advise his 
client or employer to engage, and he will 
cooperate with, other experts and spe- 
cialists whenever the client’s or employ- 
er’s interests are best served by such 
service. 

Sec. 14. He will disclose no informa- 
tion concerning the business affairs or 
technical processes of clients or em- 
ployers without their consent. 

Sec. 15. He will not accept compensa- 
tion, financial or otherwise, from more 
than one interested party for the same 
service or for services pertaining to the 
same work without the consent of all in- 
terested parties. 

Sec. 16. He will not accept commis- 
sions or allowances, directly or indirect- 
ly, from contractors or other parties 
dealing with his client or employer in 
connection with work for which he is 
responsible. 

Sec. 17. He will not be financially in- 
terested in the bids as or of a contractor 
on competitive work for which he is em- 
ployed as an engineer unless he has the 
consent of his client or employer. 


Sec. 18. He will promptly disclose to 
his client or employer any interest in a 
business which may compete with or af- 
fect the business of his client or em- 
ployer. He will not allow an interest in 
any business to affect his decision re- 
garding engineering work for which he 
is employed or which he may be called 
upon to perform. 


Relations with Engineers 


Sec. 19. The engineer will endeavor 
to protect the engineering profession col- 
lectively and individually from misrep- 
resentation and misunderstanding. 

Sec. 20. He will take care that credit 
for engineering work is given to those 
to whom credit is properly due. 

Sec. 21. He will uphold the principle 
of appropriate and adequate compensa- 
tion for those engaged in engineering 
work, including those in subordinate ca- 
pacities, as being in the public interest 
and maintaining the standards of the pro- 
fession. 

Sec. 22. He will endeavor to provide 
opportunity for the professional develop- 
ment and advancement of engineers in 
his employ. 

Sec. 23. He will not directly or indi- 
rectly injure the professional reputation, 
prospects or practice of another engi- 
neer. However, if he considers that an 
engineer is guilty of unethical, illegal 
or unfair practice, he will present the 
information to the proper authority for 
action. 

Sec. 24. He will exercise due restraint 
in criticizing another engineer’s work in 
public, recognizing the fact that the en- 
gineering societies and the engineering 
press provide the proper forum for tech- 
nical discussions and criticism. 

Sec. 25. He will not try to supplant 
another engineer in a particular employ- 
ment after becoming aware that definite 
steps have been taken toward the other’s 
employment. 

Sec. 26. He will not compete with an- 
other engineer on the basis of charges 
for work by underbidding through re- 
ducing his normal fees after having 
been informed of the charges named by 
the other. 

Sec. 27. He will not use the advantage 
of a salaried position to compete un- 
fairly with another engineer. 

Sec. 28. He will not become associated 
in responsibility for work with engineers 
who do not conform to ethical practices. 


Prepared by 
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and adopted by the Executive Committee, 
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M embership Information 


o American Society of Safety Engineers has established 
the following classifications of active membership: 


MEMBER —To be eligible as a Member an applicant shall be at least 
thirty years of age and shall be engaged in safety engineering. In addi- 
tion, he shall have either an engineering or science degree in an accredited 
college curriculum and the equivalent of eight full years’ experience in 
safety engineering; or he shall have had the equivalent of ten full years’ 
experience in safety engineering. 


ASSOCIATE MEMBER—To be eligible as an Associate Member an 
applicant shall be at least twenty-five years of age and shall be engaged 
in safety engineering. In addition, he shall have either an engineering or 
science degree in an accredited college curriculum and the equivalent of 
three full years’ experience in safety engineering; or he shall have the 
equivalent of five full years’ experience in safety engineering; or he shall 
_have either an engineering or science degree in an accredited college 
curriculum, ten years’ experience in professional engineering work and one 
full year’s experience in safety engineering; or he shall have twenty years’ 
experience in engineering work, of which at least ten have been at the 
professional level, and one full year’s experience in safety engineering. 


JUNIOR MEMBER—To be eligible as a Junior Member an applicant 
shall be at least twenty years of age and shall be engaged in safety 
engineering work, which if pursued the required time will tend to qualify 
the applicant for the grade of Associate Member. In addition, he shall 
have either an engineering or science degree in an accredited college 
curriculum or he shall have had the equivalent of one full year’s experience 
in safety engineering. 


AFFILIATE MEMBER —The Society also provides a special classifica- 
tion, that of Affiliate Member, for those not professionally engaged in 
safety engineering. To be eligible as an Affiliate Member an applicant 
shall be at least twenty-five years of age and shall have contributed to the 
advancement of safety engineering through demonstrated achievement in 
some related field of interest in which he has been engaged for at least 


three years. 


. for additional information write to 
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